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Forecasting Energy Consumption of China's
Economic Recovery of post-Covid-19 Pandemic:

Insights from Energy Sources and Regional Different

Abstract

As the first country to restart the economy after the COVID-19 pandemic, China's
fast-growing energy consumption has brought huge challenges to the energy system.
In this context, ensuring stable energy supply and sustainable economic development
requires accurate estimation energy consumption of China's economic recovery of
post-Covid-19 pandemic. To this end, this study uses multiple panel regression model
to explore the relationship between energy consumption and economic growth from
the perspective of energy sources (total energy, coal, oil, natural gas) and regional
difference. The data from 30 provinces in China from 2000 to 2017 were selected.
Our findings indicate that China economic growth has led to the largest increase for
oil consumption, followed by natural gas consumption, and finally coal consumption.
That is, China economic growth has led to the largest increase for oil consumption,
followed by natural gas consumption, and finally coal consumption. In addition, the
coefficients of economic growth between regional energy consumption equations with
different energy consumption levels are heterogeneous. Among them, energy
consumption growth in provinces with high energy consumption is most affected by
economic growth, followed by provinces with low energy consumption, and finally

provinces with middle energy consumption.

Keywords: Energy consumption; economic growth; China; regional differences;
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1. Introduction

The Coronavirus disease 2019 (COVID-19) pandemic jeopardizes the safety of
public life [1-3]. Many countries have adopted measures such as lockdowns, travel
bans and social distancing to control the spread of the virus [4]. These measures have
halted the spread of the virus but have also resulted in heavy financial costs[5]. GDP
fell by 3-6% in most countries and by 15% in some service-oriented countries[6, 7].
Moreover, these measures also affect the energy sector. For example, closures of
offices, factories, bars, restaurants and theaters reduce energy consumption by an
average of 10% in some European countries[8]. Energy consumption in the early
stage of the epidemic is reduced by more than 1.5 million barrels per day. Qil
consumption, in particular, is as the lowest point in 30 year[9]. The lower oil
consumption leads to a drop in prices[10, 11], which makes the epidemic bring
unprecedented challenges to the energy industry.

As the first country to effectively control the epidemic, China takes the lead in
entering a period of economic recovery[12]. On February 3, 2020, the Chinese
government proposed policies to help various production enterprises resume work and
production. Consequently, rapid recovery in industrial production has led to a
substantial increase in energy consumption. In the first half of 2021, China's
electricity consumption, coal consumption and natural gas market demand increases
by 16.2%, 10.7% and 21.2% year-on-year, respectively [13]. In December 2020,
Zhejiang, Hunan, Jiangxi, and Inner Mongolia autonomous regions successively
issued notices of orderly electricity consumption or power curtailment to deal with the

shortage of electricity and coal. Among them, Zhejiang Province, which uses the most
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electricity, has the most severe power cuts. Besides, some factories produce
alternatively at the request of the government. The combinations of power cut and
alternative production threaten small and medium-sized enterprises struggling to
survive after the epidemic and hinder the economic recovery to a certain extent.

The economic recovery following the lifting of China's COVID-19 lockdown has
led to short-term fluctuations in energy consumption. To ensure the balance of energy
supply and demand, it is necessary to accurately explore the energy consumption of
China's economic recovery of post-Covid-19 pandemic. The relationship between
economic growth and energy consumption has always been a research hotspot[14, 15].
In general, these two variables for countries with different economic structures relates
to different stages of economic development[16]. In particular, due to the different
levels of industrialization and urbanization in different provinces in China, the impact
of economic recovery on energy demand varies [17]. In addition, various energy
sources have their own demand elasticity, which lead to differences in consumption of
coal, oil, and natural gas[18]. In this regard, this study investigates the relationship of
economic growth and energy consumption from two perspectives: regional
differences and sources differences. The energy consumption of China's economic
recovery of post-Covid-19 pandemic was reflected through the historical relationship
between economic growth and energy consumption. The conclusions answer the
questions "Which regions of China will experience the greatest increase in energy
consumption demand?" and "For coal, oil and gas, which energy consumption is most
affected by economic growth?", which are of great importance for the development of
China's energy planning in the post-epidemic era.

The rest of the study is organized as follows: Section 2 describes the relevant

literature review:; Section 3 shows the methods and data used in the calculations;
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Section 4 shows the empirical results and analyses; Section 5 provides an in-depth

discussion of the results; Section 6 gives conclusions and policy implications.

2. Literature review

Existing research has deeply explored the relationship between economic growth
and energy consumption from multiple perspectives through different methods [19-
21]. The conclusions in this field can be attributed to four hypotheses [22, 23]: The
first is the feedback hypothesis that economic growth and energy consumption are

causal to each other [24]; The second is to support the conservative hypothesis that
economic growth promotes energy consumption in one direction [25]; The third is
the growth hypothesis that energy consumption promotes economic growth in a single
direction [26, 27]; The fourth is the neutral hypothesis that there is no causal

relationship between economic growth and energy consumption [28]. Due to the
differences in the research objects and periods, the relationship between the two has
not yet reached a consensus [29]. Below we conduct a literature review from two
perspectives.
2.1 Based on the regional perspective

From the perspective of measurement model, studies can be divided into two
categories: time series data and panel data [30]. The research object of time series
data is mainly a single region. Taking India as an example, this study used the Engel-
Granger cointegration method to test data from 1950 to 1996 and found that there is a
two-way causal relationship between energy consumption and economic growth [31].
For Turkey, income is determined by energy consumption and foreign trade [32].
Dividing renewable and non-renewable energy consumption, this study focuses on the

time-varying causal relationship between energy consumption in the US energy sector
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and actual GDP. The results of the time-varying causality technique show that all
departments have detected causality in different time periods [33]. There are also
some studies that focus on cities. Taking Anhui Province as an example, Ge et al.
found that GDP is a positive factor affecting electricity consumption through a
multivariate regression model [34]. In addition, the interaction mechanism between
energy consumption and economic growth in the Yangtze River Delta of China has
been investigated. Evidence shows that coal consumption has played a positive role in
accelerating economic development [35]. From the perspective of panel data, research
is usually carried out on a global or national scale. At the international level,
PerrySadorsky's results show that for 18 emerging economies including China,
economic growth has created opportunities for the growth of renewable energy
consumption in these countries [36]. On the contrary, a study of 27 EU countries did
not find a causal relationship between economic growth and energy consumption [37].
For 11 major industrialized countries at the same level of development, the results
show that, except for the case of Britain, Germany and Sweden, there is a neutral
hypothesis among the remaining countries. Besides, Canada, Belgium, the
Netherlands, and Switzerland have a one-way causal relationship from energy
consumption to GDP [38]. In the panel vector error correction model of six Central
American countries, the results show that there is a two-way causal relationship
between energy consumption and actual output [39]. At the national level, this study
based on 29 provinces in China found that energy consumption is the Granger cause
of GDP and financial development is not the Granger cause of GDP [40]. Panel data
models have been established in 50 states in the United States to study the complex
and controversial relationship between energy consumption and GDP. The results of

the Dumitrescu-Hering causality test indicate that there is mixed evidence for the



125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

direction of the causal relationship between energy consumption and GDP in the short
term [41]. In short, different regions support different conclusions regarding the
impact of economic growth on energy consumption. Therefore, the following research
must fully consider the regional heterogeneity between regions.
2.2 Based on the energy sources perspective

With the deepening of study, energy consumption is divided into different sub-
energy sources. As the main primary energy source, coal has attracted many scholars
to investigate it. A study confirms that coal consumption may make a positive
contribution to economic growth through the autoregressive distribution lag limit test
method, which is called the growth hypothesis [42]. In this case, economic
development can easily become dependent on coal energy, especially in developing
countries. The energy-saving hypothesis supports that there may be a one-way
Granger causality from economic growth to coal consumption [43]. Moreover, some
studies provide support for the two-way causality between coal consumption and
economic growth [44]. The empirical results of OECD countries prove the neutral
hypothesis that a causal relationship cannot be established between coal consumption
and economic growth [45]. Qil is the world's main commercial energy source and acts
as an engine in economic development [46]. In addition to coal, Zheng et al.
thoroughly explored the relationship between China's industrial structure and their
respective oil consumption growth paths. The results suggest that the long-term
elasticity between oil consumption and the output value of the tertiary industry is the
largest, followed by the secondary industry. The output value of the primary industry
has a negative impact on oil consumption [47]. Zou et al. investigated the equilibrium
relationship between China's oil consumption and economic growth. The

cointegration test shows that these two variables tend to move together in the long run.
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Furthermore, the Granger causality test indicates that oil consumption may be a useful
factor for predicting short-term and long-term economic changes. [48]. This may be
because the massive consumption of oil in industries and other fields may directly
promote the economy. In the four emerging economies of Russia, China, South Korea
and India, three-quarters of the countries have feedback effects between oil
consumption and economic growth. The results of Johansen's cointegration indicate
that rising oil prices have an adverse effect on the growth of emerging economies [49].

In China's "13th Five-Year Plan", natural gas has been listed as a vigorously
developed energy due to its low carbon emissions. Corresponding study has also
increased. Li et al. found a positive correlation between China's natural gas
consumption and economic growth, which means that promoting natural gas
consumption can improve the economy [50]. The work of Zheng et al. also reached
the same conclusion [47]. When Germany and Japan are undergoing major energy
reforms, natural gas consumption accounts for an increasing share of their energy
supply. The empirical results show that there is a two-way causal relationship
between these variables in Germany and Japan, which is consistent with the "feedback
hypothesis”. The study of Magazzino et al. claims that the supply of natural gas
should be further strengthened to gradually replace the most polluting fuels (oil and
coal), ensuring a viable transition to the path to renewable energy [51]. In conclusion,
although the economy and energy have a close relationship, due to the differences in
the characteristics of energy, the consumption of various energy sub-types plays
specific roles in economic growth. Therefore, there are differences in the dependence
of economic growth on various energy sources, which is very important in the study
of energy economics.

To advance research on this issue, this study focuses on the energy sources and
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regional different of energy consumption affected by economic growth. Regional
difference is examined by re-dividing 30 provinces into three regions (high energy
consumption region, medium energy consumption region, and low energy
consumption region) according to the level of energy consumption; Energy sources
difference is achieved by subdividing the total energy consumption into coal, oil, and
natural gas energy consumption. To this end, regional model and source model for
energy consumption were constructed, and the relationship between multiple energy
consumption and economic growth in 30 provinces in China was analyzed. In
addition, the impact of industrial structure and trade openness on energy consumption
is also included in the model. Conclusions are particularly important for China to

ensure energy security during the economic recovery period in the post-epidemic era.

3. Data description and model construction
3.1 Variable selection and data description

This study uses data samples from 30 provinces (including provinces, districts
and municipalities directly under the Central Government, hereinafter collectively
referred to as provinces) in China from 2000 to 2017 (excluding Tibet, Hong Kong,
Macao, and Taiwan). According to the 2017 energy consumption statistics of various
regions in the China Energy Yearbook, ten provinces with total energy consumption
higher than 190 million tons of standard coal are called high energy consumption
region (Guangdong, Hebei, Henan, Jiangsu, Liaoning, Inner Mongolia, Shandong,
Shanxi, Sichuan, Zhejiang). Ten provinces with total energy consumption between
100-190 million tons of standard coal are called middle energy consumption region
(Anhui, Fujian, Guangxi, Guizhou, Heilongjiang, Hunan, Shaanxi, Shanghai, Xinjiang,

Yunnan). Ten provinces with total energy consumption less than 100 million tons of
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standard coal are called low energy consumption regions (Hainan, Qinghai, Hubei,

Ningxia, Beijing, Gansu, Tianjin, Jilin, Jiangxi, Chongqing) (as shown in Figure 1).
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Figure 1. The division of energy consumption levels in China's 30 provinces.

The study selected variables such as total energy consumption, coal consumption,
oil consumption, natural gas consumption, economic growth, industrial structure, and
regional openness to construct an energy consumption function to explore the impact
of economic growth on energy consumption. The construction of each variable
selection is explained as follows. The relevant data comes from the "China Statistical
Yearbook”, "China Energy Statistical Yearbook™ and the provincial statistical
yearbooks over the years:

(1) The explained variable

Total energy consumption (TEC): Total energy consumption measures the level
of energy consumption. Total energy consumption refers to the sum of various energy
consumed by various industries and households in the national economy, and is

divided into three parts, namely, terminal energy consumption, energy processing and
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conversion losses, and losses. To further investigate the difference of the impact of
economic recovery on the consumption of different types of energy, the annual
consumption of coal (COAL), oil (OIL), and natural gas (GAS) in each province was
selected and used as the regression equation of the difference test stage. Explanatory
variables.

(2) Core explanatory variables

Economic growth (GDP): Energy demand is linked to economic growth. To
ensure the balance of energy supply and demand during the economic recovery period,
it is necessary to quantitatively analyze the relationship between the two. This study
uses the GDP of each province to measure the level of economic growth. Regional
GDP can measure the economic conditions of the entire region and is a
comprehensive indicator of economic performance. In this study, the price of each
province in 1978 was used as the base price, and the price index was used to eliminate
the impact of price level changes.

(3) Other control variables

Industrial Structure (IS): As different industries have specific demands for
energy, structural changes are one of the factors that affect energy consumption. This
study reflects the industrial structure based on the proportion of the output value of
the secondary industry in each province in China in the total output value. The
secondary industry includes mining, manufacturing, electricity, heat, gas and water
production and supply, and construction.

Regional openness (OPEN): There is no consensus on the impact of foreign trade
on energy consumption in academia. On the one hand, regional openness has led to
the expansion of energy consumption. On the other hand, technological progress

brought about by trade opening may improve energy efficiency. This study reflects

10



241  the degree of regional openness based on the total import and export volume of each
242  province in my country (by domestic destination and source of goods).

243 To reduce the errors caused by heteroscedasticity and autocorrelation and avoid
244 spurious regression, each variable is in logarithmic form. The descriptive statistics of

245  the variables are shown in Table 1.

246 Table 1. Statistical description of variables
Variable Description Unit Mean Standard Maximum Minimum
Deviation

TEC Total energy 10,000 tons of 11058.1651 7839.3337 38899 480
consumption standard coal

COAL Coal Ten thousand tons ~ 10918.9578 9007.9454 42942.29 192
consumption

OIL Oil consumption  Ten thousand tons  1401.5720 1341.4886 7000.91 0.01

GAS Natural gas One hundred 37.1180 39.8312 237.69 0.01
consumption million cubic

meters

GDP Economic 100 million yuan 2329.5138 2326.7408 14376.2714 60.7558
Growth

IS Industrial % 0.4423 0.0787 0.5932 0.1901
structure

OPEN Regional Ten thousand U.S. 802.0532 1725.3177 12812 1.6069
openness dollars

247

248 3.2 Measurement model

249 To quantitatively analyze the impact of China's economic growth on energy

250  consumption, this paper introduces panel data to build a model, as shown in Eq (1):

INTEC,s = a1InGDPp; + BXpi + 65 + & + Unt 1)
251 Among them, n represents the cross-sectional unit of provinces, and the
252  benchmark model includes 30 provinces in China n=1, 2, ..., 30; t represents time,
253  t=2000, 2001, ..., 2017; InTEC,; represents the logarithm of the total energy

254  consumption; InGDP,, represents the logarithm of the GDP of each province,

255  reflecting the economic growth of each province; &, represents the time

11
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non—observation effect, which reflects the influence of time—varying factors other
than the main variable, such as changes in policy and technology. &, represents the
regional non—observation effect, which reflects the persistent differences between
provinces, such as different carbon emission patterns, differences in regulations, and
differences in preferences due to differences in resource endowments. u,,; is a random
error term that has nothing to do with time and region. X,,; is other control variables,
including industrial structure, regional openness, etc. Equation (1) is a benchmark
econometric regression model. To deeply explore the specific impact of economic
growth on various subdivisions of energy, total coal consumption, coal consumption
InCOAL,; , oil consumption [nOIL,, , natural gas consumption InGAS,; are
respectively regressed as explained variables.
3.3 Estimation techniques

First, we use the panel unit root test to test the stability of each variable. Second,
we use the panel cointegration test to determine the long-term cointegration
relationship between variables. Next, the fixed-effect OLS and FMOLS cointegration
estimates are used to analyze the long-term cointegration relationship between
variables.
3.3.1 cross-sectional dependency (CSD) tests

To solve the cross-sectional dependency problem, we choose the Breusch-Pagan

LM test proposed by [52], the Pesaran scaled LM test and the Pesaran CD test
proposed by [53] to check the data cross-sectional dependence. Among them, the test

of[52] is more suitable for small sample panels, and the formula is as Eq (2):

B-1 B A B(B -1 2
LM = E E Anm.Brzlm_)xz ( ) @
n m=n+1 2

Pesaran scaled LM test is suitable for large samples, and the formula is as Eq (3)

12



279

280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

296

297

1 B—-1 B R (3)
LM = mzn Zm=n+1(A”m 2. — 1) - B(0,1)

A and B respectively represent the time dimension and the cross-sectional
dimension. In this study, A=18 and B=30. 32,,is the error-related parameter. The LM
test is based on the average of the residuals over the squares of the relevant
parameters of the sample. The null hypothesis of the test is as follows: Hy: Bym =

0,n#m, which means that there is no cross-sectional correlation, Hy: B, # 0,n#m,

which means that there is cross-sectional correlation. But when n— oo, the LM test
may fail. The CD test proposed in [53] solves this problem, and the formula is as Eq
(4):
2 B-1 B . (4)
D= 51 Luner Loy P = BOD
Among them,32,, is the residual related statistics. A and B respectively represent the
time dimension and the cross-sectional dimension.
3.3.2 Panel unit root tests

The four unit root tests (LLC, IPS, Fisher-ADF and Fisher-PP) used in this study
include the same root test and the different root test. If the result shows that the null
hypothesis is accepted, that is to say, the null hypothesis exists, the variable is not
stationary, and the result rejects the null hypothesis, the variable is stable.

Among them, the formula of LLC test is as Eq (5)[54]:

mn ®)
AQef = aeYef_l + L_lbep AYef—L + Cpedpf + eef} p= 1;2;3

Where a; « ¢y ~ dpr  eqr it represent the autoregression coefficients, the

corresponding vectors of the regression coefficients, and the corresponding vectors of

the regression parameters are p=1,2,3. The principle of IPS testing is similar to that of

13
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LLC testing. [55]. Besides, The different root test Fisher-PP was developed by

Phillips and Perron. [56]The expressions are as Eq (6) and Eq (7):

P (6)
Fisher_ADF = —ZZ log(Mq) - P
m

1

VTﬁ—l

Where m. 8~ denotes the reciprocal of the normal distribution function, Mq denotes

;
Choi_ADF = )

ZK -1 (Mgq) - K(0,1)
m-1

the P-value of the ADF unit root test. The null hypothesis is a;=0 there is a unit root;
if a;<0 there is no unit root.
3.3.3 Panel cointegration tests

In this study, the panel Pedroni test [57] and Kao test [58]are selected.
Cointegration test is used to investigate whether there is a cointegration relationship
between variables. Pedroni's cointegration test includes two important hypotheses:

panel statistical test and outlier statistical test. details as Eq (8)- Eq (12):

A.Panel-p
P F P F (8)
F[POpars = PVPCY. D Lituelp 07 D Y Lidu(up-ihins — B)
a=1f£=1 a=1£=1
B.Panel-
2 P F'\_Z i _lP F'\_z A (9)
Qarr = (SpF Z Z LiTa€qp-1) 2 Z Z Lita€ap-10éap
a=1p=1 a=1f£=1
C. Group-p
i o P F 2 F N (10)
FQpar-1 = FP 2 Z(Z ga,[)’—l)_l Z(éa,ﬁ—lAé&ﬁ —64)
a=1 =1 B=1

14
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F (12)

S R .
Oy = E(ﬂgz - S(Jzz);SP,ZF = F Sy

a

3.3.4 Panel cointegration estimates

The cointegration test is followed by regression estimation. Ordinary Least
Squares (OLS) and Fully Modified Least Squares (FMOLS) are adopted. FMOLS is
widely used in regression [59]. Compared with OLS estimation, FMOLS estimation
can correct sequence correlation and prevent the occurrence of spurious regression. It
is a more effective panel econometric technique. The equation proposed by Pedroni is
as Eq (13) [60] :

Pm (13)
Yin = by + Mxpyn + Z Hmp Axmn—p + Omn

p=—Pn

1
D(ZZ=1 Pmn)(ZQ:l Pmn)

Define prn = Omm DXmn) ~ Smn = Jlim E[ 1, Spmn is the

long-term covariance. In this equation, x and Y,,,, have a cointegration relationship.

The long-term covariance can be decomposed into 6,, = 63, = w,, = w,,,» Where §2,

is the weighted sum of the covariance, w,, is the automatic covariance and w,, The

FMOLS criteria are as Eq (14):

1< 1 0 (14)
Grmos =5 ) | — ) Cmn = To)¥in — 0]
FMOLS Q - (23=1xmn _ xm)z & mn mJJmn 7
Where y;knn = Ymn — }_’m - (82,1,m § )Aan’ ?m = (T)Z,l,m + Sg,l,m -
2,2,m

(®2,1,m/®2,2,m)(@D22m + 622m)

3.3.5 Panel Granger causality test

15
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In this section, we used Engel and Granger's multivariate panel-based Granger
causality test to test for Granger causality between variables[61]. Although it fails to
adequately address the endogeneity problem, the method can be effectively
implemented to examine the relationship between energy consumption and economic
growth in a multivariate setting, rather than a bivariate setting[62]. This method is
divided into two steps. The first step uses the OLS regression to estimate the residual
according to the long-term parameters, and the residual is used as the right variable.
The second step uses the right variable to estimate the short-term error correction

model. The Granger causality test formula is as Eq (15)- Eq (17):

ATECyn = Yim + Z Y11mtATECpn—¢ + Z Y12mtAGD Py + Z Y13mtAXmn—¢
T T T

(15)
+ Ay ECTin—1 + Bimn
AGDPrn = Yom + ) VaumeATECun-t + ) YormehGDPon ¢ + ) YasmebX
t t t (16)
+ aymECTin—1 + Bomn
AXpn = Yam + Z Y31meATECpn_¢ + Z Y32mtAGD Py + Z Y33meAXmn—t
t t t (17)

+ @3 ECTin-1 + Bamn
Where ECT. t, A denotes the error correction term, hysteresis length and first-order
difference of the variable respectively. In this study, the Akaike information standard

is used to determine the optimal lag length.

4. Empirical results
4.1 Results of cross-sectional dependency (CSD) tests

Table Al (in Appendix) shows the results of three cross-section dependence tests.
According to the parameters obtained from the results, we find that all variables reject

the null hypothesis at the 1% significance level, that is, reject the assumption of cross-
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section independence. In other words, all variables of the panel model in this study
have cross-sectional dependence. For this phenomenon, we conduct a panel unit root
test.
4.2 Unit root test results

According to the results in Table 2, the unit root test results support those 7
variables have unit roots in the levels, that is, the levels are non-stationary. After the
first-order difference, all variables reject the null hypothesis, which means that all
variables are stable after the first-order difference. Therefore, it can be considered that
the variables selected in this study are first-order single-integration. This result
supports our next long-term cointegration test.

Table 2. Unit root test results

Variables LLC IPS ADF PP-Fisher
INTEC 1.0367 8.1139 34.4291 29.645
INCOAL  4.4399 8.7338 18.9081 10.5975
INOIL -3.2933***  (.6582 56.544 69.3393

1(0) InGAS -0.7111 -0.5455 77.6073**  167.3300%**
InGDP 3.1513 6.9294 27.0282 6.0355
InIS -0.8201 0.3352 63.1201 46.8741
INOPEN -2.1690** 4.0686 36.0776 21.3132
INTEC -15.0904%** .12 7434***  229.5990*** 307.2280***
INCOAL  -10.7739*** .9 7530%** 198.1030***  244.9170%**
InOIL -16.4359%**  _11.4821***  213.5880*** 272.3120%**

I(1) InGAS -16.2636***  -14.0052***  254.0600*** 307.4720***
InGDP -7.7320%**  .3.2084***  97.3505***  110.8540%**
InIS -6.6376%**  _4.2402%** 108.0870***  121.9480***
INOPEN -18.1152%**  _16.1038***  307.1690*** 548.1210***

Note: *** ** and * indicate that they can pass statistical tests with significance
levels of 1%, 5%, and 10%, respectively.
4.2 Cointegration test results

To further investigate whether there is a long-term cointegration relationship
between each group of variables, we adopted the Pedroni and Kao cointegration test.

The results of the cointegration test for each group are shown in Table A2 and Table
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A3 (in Appendix). When exploring the impact of economic growth on the difference
of energy consumption based on energy sources, the selected three sub-energy sources
(coal, oil, and natural gas) are respectively used as the explained variables for
regression, so the cointegration test should also be performed separately. Similarly,
the high energy consumption region, middle energy consumption region and the low
energy consumption region are also tested for cointegration respectively. The Pedroni
cointegration test provides seven statistics, most of which show rejection of the null
hypothesis. The Kao test result also rejects the null hypothesis, so the results support a
cointegration relationship between variables. Each group of variables will be
cointegrated estimation in the next step.
4.3 Regression estimation results

According to the results of the cointegration test, there is a long-term
cointegration relationship between total energy consumption, coal consumption, oil
consumption, natural gas consumption and economic growth, industrial structure, and
trade openness. Therefore, it is allowed to continue to test the degree of cointegration

between variables through cointegration regression.
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Table 3. Regression results of national economic growth and total energy consumption

Variable OLS FMOLS
Coefficient T value P value Coefficient T value P value

INGDP 0.5685*** 21.8430 0.0000 0.6993*** 12.9632 0.0000

InIS 0.3701%** 6.2476 0.0000 0.2162%** 2.7655 0.0059

INOPEN 0.0545%** 3.0210 0.0026 0.0736*** 5.4936 0.0000

C 4.4150%* 33.0797 0.0000
382 Note: *** ** and * indicate that they can pass statistical tests with significance levels of 1%, 5%, and 10%, respectively.
383 Table 4. Regression results of economic growth and total energy consumption at the provincial level

Variable High energy consumption region Middle energy consumption region Low energy consumption region
OLS FMOLS OLS FMOLS OLS FMOLS
Statistics P value Statistics Pvalue  Statistics Pvalue  Statistics Pvalue  Statistics Pvalue  Statistics P value
INGDP 0.6621*** 0.0000 0.6193***  0.0000 0.4393***  0.0000 0.4216***  0.0000 0.6061***  0.0000 0.5815***  0.0000
(14.8487) (21.6984) (9.1156) (15.0140) (14.2415) (5.8471)
InIS 0.5207*** 0.0000 0.4476***  0.0000 0.1516* 0.0598 0.0865* 0.0706 0.6101***  0.0000 0.5920***  0.0001
(5.2096) (7.1600) (1.8954) (1.8204) (4.8308) (4.0789)
INOPEN 0.0039 0.8946 0.0320* 0.0892 0.1602***  0.0000 0.1732***  (0.0000 -0.0079 0.8040 0.0312 0.2291
(0.1327) (1.7102) (4.8434) (8.8733) (-0.2485) (1.2078)
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C 4.7974%** 0.0000 3.6258***  0.0000 5.0388***  0.0000

(25.1390) (17.6447) (17.2135)
384 Note: *** ** and * indicate that they can pass statistical tests with significance levels of 1%, 5%, and 10%, respectively.
385 Table 5. Regression results of economic growth and different sources of energy consumption
Variable INCOAL InOIL INGAS
oLS FMOLS oLS FMOLS oLS FMOLS
Statistics Pvalue  Statistics Pvalue  Statistics Pvalue  Statistics Pvalue  Statistics Pvalue  Statistics P value
INGDP 0.47701**  0.0000 0.4736***  0.0000  0.1111 04841  15581**  0.0000  1.8362***  0.0000  0.8191***  0.0000
(10.411) (10.036) (0.1124) (33.2830) (10.8222) (16.6727)
InIS 0.8809%** 0.0000 0.3883***  0.0000  0.6803* 00952  1.8463***  0.0000  0.5566 0.1644  2.4669***  0.0000
(8.4346) (7.0307) (1.6716) (32.3690) (1.3926) (42.2149)
INOPEN ~ 0.0656*** 0.0393  0.1802***  0.0062  0.5167***  0.0000  1.5453***  0.0000  -0.1339 02591  -0.5610***  0.0000
(2.0662) (2.7538) (5.7609) (22.3867) (-1.1299) (-8.3862)
C 5.2339%** 0.0000 -1.3105 0.1124 -8.1676***  0.0000
(22.2775) (-1.5904) (-9.3318)

386 Note: *** ** and * indicate that they can pass statistical tests with significance levels of 1%, 5%, and 10%, respectively.
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This work examines the relationship between economic growth and energy
consumption from the perspective of energy sources and regional difference.
Industrial structure and trade openness are also included in the equation as control
variables. The results at the national level are shown in Table 3. The results of OLS
regression and FMOLS regression show that the directions of the elastic coefficients
of each variable are consistent, which proves that our results are robust. We focus on
explaining the results of the panel FMOLS. It is not difficult to find that economic
growth, industrial structure and regional openness are all significantly correlated with
the explained variables at the 1% statistical level. This implies that regional GDP,
industrial structure and trade openness have a close influence on total energy
consumption. Specifically, the regression coefficient of INnGDP is 0.6993, that is to say,
an increase in 1% of regional GDP can bring about a 0.6993% increase in energy
consumption, which shows that China’s overall economic growth is still highly
dependent on energy consumption. The regression coefficient between the industrial
structure and the explained variable is 0.2162, which means that for every 1%
increase in the output value of the secondary industry in GDP, energy consumption
increases by 0.2162%. The secondary industry includes various industries and
manufacturing industries, and its development inevitably needs to consume a large
amount of fossil energy resources. Compared with the primary and tertiary industries,
the secondary industry is highly dependent on energy resources [63]. The regression
coefficient of trade openness is 0.0736, which means that the increase in trade
openness can promote energy consumption. The degree of regional openness is
positively correlated with total energy consumption. For China, the increase in total
imports and exports has a positive effect on energy consumption. Trade has many

ways of acting on energy consumption, including scale effect, structural effect, and
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technology effect [64]. Among them, the scale effect increases energy consumption,
the technology effect reduces energy consumption, and the structure effect on energy
consumption depends on specific regional conditions [65]. Our results support that the
increase in the degree of regional openness in China's provinces promotes energy
consumption, which means that the sum of the technology and structural effects
brought about by trade cannot offset the scale effect. Finally, the regression
coefficient of INGDP is much higher than that of InlS (0.2162) and InOPEN (0.0736).
Compared with industrial structure and regional openness, economic growth is the
main driving force for energy consumption.

At the inter-provincial level, the results are shown in Table 4. The total energy
consumption is selected as the dividing standard because existing studies have shown
that the relationship between economic growth and energy consumption has non-
linear characteristics [66, 67]. Comparing the results of the three groups, INGDP and
INTEC are both significantly correlated at a statistical level of 1%, which shows that
regardless of the level of total energy consumption, economic growth is closely
related to energy consumption growth. The difference is that the regression
coefficients of InGDP in the three groups. Specifically, for the high energy
consumption region whose total energy consumption is higher than 190 million tons
of standard coal, economic growth has a promotion effect of 0.6193 on the total
energy consumption, which is the largest among the three groups; Next is the low
energy consumption region with total energy consumption less than 100 million tons
of standard coal. Economic growth has a promotion effect of 0.5815 on total energy
consumption; The promotion effect for the middle energy consumption region with
total energy consumption between 100 to 190 million tons of standard coal is 0.4216,

which is the weakest among the three groups. This result shows that the impact of
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economic growth on energy consumption is heterogeneous in energy consumption
levels. The growth of energy consumption demand is more sensitive to economic
changes in provinces with higher energy consumption, followed by provinces with the
lowest energy consumption. The least sensitive are the provinces with medium energy
consumption.

4.3 Granger causality test

Table 6. Granger causality results of different types of energy consumption and

economic growth in China

Null Hypothesis: F-Statistic ~ Prob.
INGDP does not Granger Cause INTEC 8.6550***  0.0002
INTEC does not Granger Cause InGDP 7.5463***  0.0006

INOPEN does not Granger Cause INTEC 2.5806* 0.0768
INTEC does not Granger Cause INOPEN 9.7175***  0.0001
InlS does not Granger Cause INTEC 6.4075***  0.0018
INTEC does not Granger Cause InlIS 19.4557***  (0.0000
INGDP does not Granger Cause INCOAL 24.1625***  0.0000
INCOAL does not Granger Cause InGDP 4.6238** 0.0103
INOPEN does not Granger Cause INCOAL  12.5296*** 0.0000
INCOAL does not Granger Cause INOPEN ~ 5.5953***  (0.0040

InIS does not Granger Cause INCOAL 11.6859***  (0.0000
INCOAL does not Granger Cause InlIS 7.7984***  (0.0005
INGDP does not Granger Cause InOIL 1.7229 0.1798
InOIL does not Granger Cause INnGDP 0.7673 0.4649
INOPEN does not Granger Cause InOIL 2.0571 0.1291
InOIL does not Granger Cause INOPEN 1.6721 0.1891
InIS does not Granger Cause InOIL 0.2504 0.7786
InOIL does not Granger Cause InlS 3.5980** 0.0282
INGDP does not Granger Cause INGAS 6.9807***  0.0010
INGAS does not Granger Cause INnGDP 12.4659***  (0.0000

INOPEN does not Granger Cause INGAS 11.4698***  0.0000
INGAS does not Granger Cause INOPEN 2.8869* 0.0568
InIS does not Granger Cause INGAS 0.5877 0.5561
INGAS does not Granger Cause InlS 10.9694***  0.0000
INOPEN does not Granger Cause InGDP 2.8785* 0.0572
INGDP does not Granger Cause INOPEN 18.0967***  0.0000
InIS does not Granger Cause InGDP 1.9574 0.1424
INGDP does not Granger Cause InlIS 21.0017***  0.0000
InIS does not Granger Cause INOPEN 10.6223***  0.0000
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INOPEN does not Granger Cause InlIS

13.9547***

0.0000

Note: *** ** and * indicate that they can pass statistical tests with significance

levels of 1%, 5%, and 10%, respectively.

Table 7. Granger causality results of energy consumption and economic growth in

different regions

High energy Middle energy Low energy

consumption consumption consumption

region region region
Null Hypothesis: F-Statistic F-Statistic F-Statistic
INGDP does not Granger Cause INTEC 7.9765*** 2.3111 3.5349**
INTEC does not Granger Cause InGDP 9.1872*** 1.0809 0.4046
INOPEN does not Granger Cause INnTEC ~ 2.5188* 0.1395 1.5150
INTEC does not Granger Cause INOPEN ~ 4.1131** 6.5622*** 2.1680
InIS does not Granger Cause INTEC 1.9170 1.4601 2.1938
INTEC does not Granger Cause InIS 11.3852***  10.9663*** 4.9932***
INOPEN does not Granger Cause INGDP  0.7841 6.1202*** 1.4358
INGDP does not Granger Cause INOPEN  3.0494* 7.7562*** 10.1951***
InIS does not Granger Cause InGDP 1.0063 0.4061 0.7839
INGDP does not Granger Cause InlS 9.0099*** 10.5939*** 8.1922***
InIS does not Granger Cause INOPEN 0.6602 5.9434*** 5.5242%**
INOPEN does not Granger Cause InlIS 4.2876*** 3.6509** 9.0304***

Note: *** ** and * indicate that they can pass statistical tests with significance

levels of 1%, 5%, and 10%, respectively.
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Figure 2. Schematic diagram of Granger causality test at national and regional
level.

Granger Causality testing can further help understand the interaction between
variables. The test results focusing on energy sources and regional differences are
shown in Table 6 and Table 7, respectively.

From Table 6 and Figure 2, bidirectional Granger causality from economic
growth to energy consumption, coal consumption, and gas consumption was found at
the national level. This validate the Feedback causality for the case of China. In
addition, there is a bidirectional Granger causalities running from energy consumption,
coal consumption to industrial structure. The industrial structure leads to the sources
and changes of energy consumption. Moreover, bidirectional Granger causality also
appears between energy consumption, coal consumption, gas consumption and trade
openness. The results also indicate short-run unidirectional panel causality running
from gas consumption and oil consumption toward industrial structure. Table 7 shows

the results of Granger causality at the regional level. Among then, the Granger
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causality is the most complex in the high energy consumption region, followed by the
low energy consumption region, and the simplest in the middle energy consumption
region. Specifically, high energy consumption region shows a bidirectional Granger
causality between economic growth and energy consumption. However, there is a
unidirectional Granger causality between economic growth and energy consumption
in low energy consumption region. Furthermore, energy consumption and trade
openness show a bidirectional Granger causality in high energy consumption region
and a unidirectional Granger causality in middle energy consumption region. Between
energy consumption and industrial structure, all regions show a unidirectional

Granger causality between energy consumption and industrial structure.

5. Discussion of energy consumption of China's economic recovery of post-
Covid-19 pandemic
5.1 Insights from energy sources

Among fossil energy sources, China economic recovery has the greatest driving
effect on oil consumption. For every 1% increase in regional GDP, the consumption
for oil increases by 1.5581%. Oil is the blood of industry and penetrates into all
aspects of the economy and society [68]. The expansion of the economic scale and the
improvement of the level of social activities have directly promoted the growth of oil
consumption [69]. Therefore, the oil market shows that oil consumption is highly
correlated with economic trends. During the financial crisis, the global economy fell
into recession, and oil demand grew negatively during the same period [70]; On the
contrary, the global economy grew during 2017-2019, and the demand for oil
increased during the same period [71]. As the world's largest industrial country,

China's economic development is dependent on oil consumption. In the early stage of
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China's reform and opening up, limited by the level of science and technology,
China's pillar energy was coal [72]. However, with the rapid improvement of the
economic and technological level, the technology of oil extraction, transportation, and
refining has been improved [73, 74]. Combined with the advantages of higher oil
heating value and more convenient transportation, so that the rate of oil consumption
has continued to increase.

The 1% economic recovery has driven the demand for gas consumption to
increase by 0.8191%, second only to oil consumption. Actually, natural gas has
become an important transitional energy in the process of China's energy transition
due to its higher combustion efficiency and lower carbon emissions [75]. Over the
past two decades, China's natural gas market has been in short supply, with
consumption growth exceeding 10% in most years. Even in 2020, which is affected by
the epidemic, relatively rapid growth has been achieved. In the future, China's policy
of accelerating natural gas exploration and development will not change [76].
Therefore, in the context of China's rapid economic recovery in the post-epidemic era,
the demand for natural gas energy has also grown significantly.

Coal consumption is the least affected by economic growth. For every 1%
increase in GDP, the consumption of coal increases by 0.4736%. According to data
from the National Bureau of Statistics of China, as the world's largest coal consumer,
China's coal consumption has increased for the fourth consecutive year in 2020 [77].
In 2020, coal consumption accounted for 56.8% of total energy consumption, a
decrease of 0.9 percentage points from the previous year. Under the direction of green
development and low-carbon development of China's energy revolution, relevant
departments in various regions are also promoting continuous innovation in the coal

industry [78]. In recent years, the proportion of coal in energy consumption has
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continued to decline in China. This may be the reason why the elasticity coefficient of
coal energy and the economy is smaller than that of oil and natural gas. However, due
to the large amount of coal resources in China and the relatively large proportion of
thermal power generation, coal still holds a strong position as the main energy source.
Therefore, coal consumption still has a significant positive correlation with China's
economic growth.
5.2 Insights from regional different

Figure 3 illustrates the spatial distribution of the relationship between energy
consumption and economic growth in China 30 provinces. For high energy
consumption region, energy consumption has increased the most. High energy
consumption region includes Shandong, Guangdong, Jiangsu, Hebei, Henan, Liaoning,
Zhejiang, Sichuan, Shanxi, and Inner Mongolia. Among them, Jiangsu and Zhejiang
belong to the Yangtze River Delta region of China. As China's economic center, the
terminal energy consumption is the largest, but it is energy-scarce areas. Due to the
high dependence on inputs from outside, energy supply is facing tremendous pressure.
Guangdong Province belongs to the Pearl River Delta region and is the frontier of
China's reform and opening up. Like the Yangtze River Delta region, the Pearl River
Delta region is an energy importing region [79]. However, Liaoning and Shanxi used
to be China's important industrial and energy supply bases and typical energy output
regions, with huge coal production [80]. During the recovery period of China's
economy, as the region where energy consumption is most affected by economic
growth, high energy consumption region first faced huge energy consumption demand.
Zhejiang, Inner Mongolia, and Guangdong all implemented power curtailment
policies. For low energy consumption region, Beijing has entered a post-industrial

development stage, and Tianjin has basically completed industrialization. The rapid
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development of social economy has brought about a continuous increase in the total
energy consumption [81], which has intensified the degree of external dependence on
regional energy supply. The overall situation of energy shortage is present. In addition,
Ningxia and Chongqing are important bases for China’s "West-to-East coal
transportation”, "West-to-East gas transmission” and "West-to-East power
transmission™, and are important cornerstones for ensuring energy security [82]. The
energy consumption brought about by economic growth in the eastern region has
finally been implemented in these resource-based provinces. Therefore, in the context
of rapid economic growth, the energy consumption of the low energy consumption
region is second only to the high energy consumption region.

Regression coefficient of INTEC Regional distribution of energy consumption in China
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Figure 3. The geographical distribution of the relationship between economic

growth and total energy consumption in China 30 provinces.

6 Conclusions and policy implications
This study uses the data of 30 provinces in China from 2000 to 2017 to analyze
the relationship between economic growth and energy consumption through the

energy consumption functions. The conclusions are as follows: First, the total energy
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consumption is positively affected by economic growth, industrial structure, and trade
openness. Economic growth has the greatest impact on total energy consumption,
which is 0.6993. Second, for various fossil energy, the consumption of oil is most
driven by economic growth, at 1.5581, followed by natural gas consumption at 0.8191
and coal consumption at 0.4736. Third, the relationship between energy consumption
and economic growth in each province has regional difference. The promotion of
economic growth on energy consumption is strongest in provinces with high energy
consumption, followed by provinces with low energy consumption, and the weakest
in provinces with middle energy consumption.

An energy security reserve system must be established to ensure the security of
energy supply in the post-Covid-19 pandemic and four measures can be taken. First,
the scale of strategic oil reserves needs to be expanded. The conclusion shows that
China's economic recovery after COVID-19 increases oil consumption demand
dramatically. However, China's domestic oil supply cannot meet the demand and the
current dependence on foreign oil exceeds 70%. To prevent the scale of strategic oil
reserves from being unable to meet the needs of national strategic security, the
Chinese government may consider expanding the scale of strategic oil reserves by
taking advantage of the short-term oil price situation. Second, the rupture of the
natural gas industry chain must be avoided and relevant measures must be
implemented to make the natural gas market stable and guide the development of the
industry. Third, the National Energy Administration and coal production enterprises
need to work together to ensure a stable supply of coal. As China's basic energy
source, a stable supply of coal must be ensured. In the early days of the epidemic, the
failure of production recovery resulted in a tight coal supply side. The imbalance

between supply and demand in the coal market will continue in the short term. Under
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this condition, the National Energy Administration should strengthen the information
communication between coal transfer places and improve the tripartite connection
among production, transportation and demand to ensure that the national thermal coal
reserve is at a reasonable level. At the meantime, coal production enterprises should
adhere to scientific production and sales, maintain the stability of coal market prices
and standardize the use of coal price indices. Finally, the transformation of energy
consumption structure is preferred. When laying out a new round of energy security
strategies, the transition of clean energy should be considered to make balance
between energy security and environmental protection. Based on the experience of
developed countries during the two oil crises in 1973 and 1979, the government can
take the opportunity to promote the transformation of energy consumption structure
through regulations and policies such as fuel taxes.

The energy policy must consider local conditions due to the regional differences
in increased energy consumption with economic growth. Because of the huge energy
demand in Yangtze River Delta region, an energy institution in the Yangtze River
Delta region can be established to optimize energy plans. For Guangzhou with high
degree of opening to the outside world, the main body of energy consumption can be
transited to clean energy through the establishment of clean energy production,
storage and transportation infrastructure. For the old industrial districts such as Shanxi,
Jilin, Heilongjiang, Liaoning and energy-rich regions such as Xinjiang, Ningxia, and
Inner Mongolia, the energy resource potential must be fully utilized to guarantee the
national energy security supply. With the large regional differences shown above,
both the regional resource potential and the status quo of energy system should be
considered to promote the cross-regional energy cooperation.

Further research can be carried out from the following aspects. Firstly, a
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forecasting model can be added if further quarterly data is available. The regional
economic growth rate in the late stage of COVID-19 can be obtained through the
prediction model, and then combined with the cointegration model in this study, the
prediction of future energy consumption can be achieved[83]. Secondly, with the
change of China’s energy structure, the status of renewable energy cannot be ignored.
Therefore, renewable energy can be further included in the energy consumption
function if renewable energy consumption data can be obtained. Third, categorizing
regions based on energy consumption levels alone does not fully address the issue of
heterogeneity. Further exploration of heterogeneity based on the structural fracture
hypothesis can be performed if nonlinear panel regression techniques can be

employed.
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623 Appendix A

624 Table Al. Cross-sectional dependence tests results.
gross-sectional Breusch-Pagan LM test Pesaran scaled LM test Pesaran CD test
ependence test
Variables Statistic P-value  Statistic P-value  Statistic P-value
INTEC 7237.5170*** 0.0000  230.6269*** 0.0000 84.8822*** 0.0000
INCOAL 5900.9630*** 0.0000 185.3135*** 0.0000 69.8754*** 0.0000
InOIL 3209.7940*** 0.0000  94.0743***  0.0000  45.5230*** 0.0000
INGAS 4718.0620*** 0.0000 145.2094*** 0.0000 65.4208*** 0.0000
InGDP 7714.1750*** 0.0000 246.7871*** 0.0000 87.8274*** 0.0000
InlS 3313.2940*** 0.0000 97.5833*** 0.0000  43.7949*** 0.0000
INOPEN 6882.3860*** 0.0000 218.5869*** 0.0000 82.7390*** 0.0000

625 Note: *** ** and * indicate that they can pass statistical tests with significance

626 levels of 1%, 5%, and 10%, respectively.

627 Table A2. Cointegration test results of different types of energy consumption and

628 economic growth

Explained variable

Total energy

consumption

Coal consumption

Qil consumption

Natural gas

consumption

Pedroni Statistics Pvalue  Statistics Pvalue  Statistics Pvalue  Statistics P value
Cointegration Test

Panel v-Statistic 40.5625***  0.0000 -1.0336 0.8493 1.9030** 0.0285 0.5022 0.3078
Panel rho-statistic 3.7157 0.9999 2.8536 0.9978 0.4664 0.6795 0.4260 0.6650
Panel PP-statistic 0.4090 0.6587 -4.3305*** 0.0000 -3.5265*** 0.0002 -4.2808***  0.0000
Panel ADF-statistic -2.3217** 0.0101 -4.2924*** 0.0000 -4.5770*** 0.0000 -4.5338***  0.0000
Group rho-statistic 5.0084 1.0000 4.8608 1.0000 2.2374 0.9874 2.4359 0.9926
Group PP-statistic -3.1322***  0.0009 -4.1215*** 0.0000 -6.3236*** 0.0000 -8.5190***  0.0000
Group ADF-Statistic -2.6831***  0.0036 -5.5972*** 0.0000 -6.7703*** 0.0000 -7.5637***  0.0000
Kao  Cointegration Statistics Pvalue  Statistics P value Statistics P value Statistics P value
Test

ADF -3.2910***  0.0005 1.7327* 0.0416 -4.8174*** 0.0000 -5.4623*** 0.0000

Residual variance 0.0055 0.0095 0.0086 0.0078
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HAC variance

0.0078

0.0140

0.0130

0.0114

629

630

631

632

633

634

635

636

637

638

Note: *** ** and * indicate that they can pass statistical tests with significance

levels of 1%, 5%, and 10%, respectively.

Table A3. Inter-provincial cointegration test results between total energy consumption

and economic growth
Region High energy Middle energy Low energy
consumption region consumption region consumption region

Pedroni Statistics Pvalue  Statistics Pvalue  Statistics P value
Cointegration Test
Panel v-Statistic -0.6375 0.7381 10.9828*** 0.0000 5.9558*** 0.0000
Panel rho-statistic 0.9602 0.8315 1.2958*** 0.9025 -0.0436 0.4826
Panel PP-statistic -1.8800** 0.0301 -2.6417*** 0.0041 -7.2421*%** 0.0000
Panel ADF-statistic -2.7421***  0.0031 -3.0420 0.0012 -8.9448*** 0.0000
Group rho-statistic 1.8353 0.9668 2.3201 0.9898 1.5464 0.9390
Group PP-statistic -3.8153***  0.0001 -5.0638*** 0.0000 -9.8837*** 0.0000
Group ADF-Statistic -3.6534***  0.0001 -4.7324*** 0.0000 -8.2984*** 0.0000
Kao Cointegration Statistics P value Statistics P value Statistics P value
Test
ADF -5.5238***  0.0000 1.9781** 0.0240 -1.4868* 0.0685
Residual variance 0.0034 0.0015 0.0014
HAC variance 0.0039 0.0025 0.0020

Note: *** ** and * indicate that they can pass statistical tests with significance

levels of 1%, 5%, and 10%, respectively.
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Highlight

< Multiple linear regression panels and data from 30 provinces in China from 2000
to 2017 were used.

< China's economic growth has the largest increase in oil consumption, and the
smallest increase in coal consumption.

<> The energy consumption of provinces with different energy consumption levels is
affected differently by China's economic recovery.

< Energy consumption growth in high-energy-consuming provinces is most affected

by economic growth.
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